A high spatial resolution tracking system was setup with the Micro-mesh gaseous structure (Micromegas) detectors in order to study the muon tomographic imaging technique for nuclear threat detection. 6 layers of 90 mm × 90 mm onedimensional readout Micromegas were used to construct a tracking system and the imaging test using some metallic bars was performed with cosmic ray muons. A twodimensional imaging of the test object was presented with a newly proposed ratio algorithm.
Introduction
Muon tomography imaging is a new technique in developing to reconstruct threedimensional images of volumes using information from the Coulomb scattering of the muons. A well-marked characteristic of this technique is non-invasive and economical by using the cosmic ray muons [1, 2] . Since proposed in the 1950s, Muon tomography imaging is under development for many purposes, such as to detect nuclear material in road transport vehicles，to monitor cargo containers at the customs and to monitor potential underground sites used for carbon sequestration.
The muons on the earth are the secondary particles that come from the extensive atmosphere shower of high-energy cosmic rays from space, with a flux about 1 cm -good spatial resolution tracing detector is required for timely imaging events. For instance, a GEANT4-based simulation shows that better than 200 μm spatial resolution is required for the imaging of a ϕ200 mm uranium ball inside a 5 m high cargo container within 10 minutes [3] .
Micro-mesh gaseous structure (Micromegas is a typical Micro-pattern gas detector (MPGD), which has good spatial resolution of < 100 μm and is easy to extend to large area [4, 5] . In this paper, a high spatial resolution tracking system that consists of 6 layer of one-dimensional readout Micromegas detectors is setup to study the muon imaging method for high-Z materials. The schematic design, detector and electronics, data acquisition (DAQ) of the test system is demonstrated. A new ratio algorithm is introduced and applied on the real data, and a two-dimensional imaging of a test object is obtained.
Tracking system

Schematic design
In this tracking system, two 150 mm × 150 mm scintillators are used to select effective events that penetrate the whole tracking detectors and provide trigger signals for the DAQ by coinciding their signals. Six layers of 90 mm × 90 mm onedimensional readout Micromegas detectors is used to determine the tracks of muons that incident and exit from a test object. As shown in Figure 1 , the detectors 4-6 are for the tracking of incident muons and detectors 1-3 are for exit muons scattered by the nuclei of the test object. Signals of the Micromegas detectors are readout by front-end electronics with APV25 ASICs [6] and digitized by MPD data acquisition system [7] .
The test object consists of four layers of different metallic bars including copper, iron, aluminum and lead, with the Z values of 64, 56, 27 and 207, respectively. Each layer has three same metallic bars with a size of 10 mm × 10 mm × 100 mm. In other words, it is a 30 mm width, 40 mm high, 100 mm long test object in total, and put along the readout strips of Micromegas detectors. 
Setup of the system
The Micromegas detectors are manufactured by using the thermal bonding method [8, 9] . Resistive anode is employed to enhance the gas gain higher than 10 4 . The readout of detectors is designed as one-dimensional strips with a pitch of 412 μm and the drift region is of 5 mm, As a consequence, better than 150 μm spatial resolution and higher than 90% detection efficiency are obtained for the cosmic ray muons. As shown in Then the six detector planes are stacked to construct the tracking system as the schematic design mentioned above. Figure 3 is the finished view of the installation of Micromegas detectors, and the test object is inserted in the middle of the tracking system. Finally, the whole system is calibrated and aligned with cosmic test, and effective muon events are collected for imaging analysis. 
for a distribution with mean value zero, its root mean square error can be obtained by fitting the experiment data to Equation 6 , where the θ i means the measured scattering angle of the number i muon event in data, and N means the total number of events.
Testing an object which has the certain H value and the N events can be divided into n groups according to the muon's momentums. For a group of muons in momentum bin The flux of muons at different zenith angles decreasing sharply with muon momentum going up [10] , so the term ∑ A typical algorithm that gets the root mean square error of scattering angles based on Equation 6 is the point of closest approach (PoCA) [11] . Due to the term, which sums the square of the scattering angle, PoCA is sensitive to the large angle events. In order to elimilate the effect of large angle to obtain good quality of imaging, to constrain the angle range is necessary. To avoid the influence of large angle events, the so called Ratio Algorithm was proposed. Figure 4 shows the behavior of muons passing through the test object. As mentioned in this paper, the deflection angle obeys Gaussian distribution as Figure 5 shows, the red line is the angle ditribution of muons passing through the low atomic number Z material while the blue line relates to the high Z material. As all the events detected are counted as A 0 , and events in certain angle range such as |θ|<θ 0 are counted as A c and the ratio R value is defined as Equation 9, 
Obviously, for materials with different Z value, the higher Z material has smaller R value. In this way, different materials can be distinguished and what's more, the R value could also be linked to the Z value if the tracking were precise enough.
Evaluation with real data
The ratio algorithm is proposed for eliminating the effects of large angle events, then it is applied to experimental data. As shown in Figure 6 which is the schematic diagram of the test system with test object and the positions of y axis are measurable.
When muon scattered by test object passing all of the six detectors, the position of x axis can be obtained through the detector readout, then the incident and ejection tracks can be reconstructed and as a result the two-dimensional position of scatter point is found. For Imaging of the test object, ratios for all point in the measurement area are needed. As an example, the ratio at point A in Figure 6 is calculated through the following steps:
 Take a square exploration area with point A, as its center. Here the exploration area is 33 mm × 33 mm. In order to ensure the unbiased R values, 500,000 points were selected randomly in the test object measurement area, and R values were calculated for all point. Then a quantity field R(x, y) (the R value with the coordinates around point A) of the object measurement area is obtained. In this way, the image of cosmic-ray muon tomography is visualized using the ratios, as shown in Figure 7 . The rectangular box with coordinates shows the location and size of the test object. These points with ratio less than 0.800 are roughly formed into a rectangle. The reconstructed rectangle is smaller than the Figure 7 . The image of test object by cosmic ray muon tomography actual test object, but the reconstructed position is consistent with the actual position.
Besides, these points with ratio more than 0.880 represent the air. The ratio value from 0.800 to 0.880 mainly occurs in the transition region between the test object (high-Z) and air (low-Z). The reconstruction uses data from 793 effective muons detected in one day, with a detection flux about 10 cm-2 day-1 in this system. Lower detection flux due to removing the noised events on the one hand, and the low acceptance lead by the large distance between detectors. Improving detection flux will be very useful for rapid detection to some extend. As mentioned earlier, by constraining the scattered angle to suppress the effect of large angles is one feature of PoCA. These two algorithms are applied under different scatter angles θ cuts, as shown in Figure 8 . It can be seen that more stringent angle cut brings better imaging quality for PoCA but less influence to Ratio.
Discussion
The tomographic imaging is realized, more work need to be done for applying the system to high Z material detection. Next, the goal of three-dimensional tomographic imaging is set and the research and development of two-dimensional Micromegas detectors is in progress, as well as the improvement of algorithm. The capability to distinguish different materials is also promising.
